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Abstract  Today critical thinking is one of the key competencies of the modern world.
The abundance and availability of various information (in particular due to the
spread of electronic devices and the Internet) suggest that people, regardless of
age, need to be able to effectively navigate and evaluate information, draw their
own conclusions and use arguments when making decisions. Research of criti-
cal thinking in terms of the possibilities of its evaluation and development be-
gan more than 60 years ago and has a wide and heterogeneous field of theore-
tical approaches.

In this article, we explore the theoretical possibility of measuring the com-
plex latent construct “critical thinking in an online environment” using the Evi-
dence-Centered Design (ECD) methodology. It allows one to build a chain of ar-
guments that substantiate the conclusion about the level of critical thinking de-
velopment in the respondent and thereby ensure the fairness of the assessment
process. The measurement goes from theoretical assumptions about the nature
of the construct to the search for empirical evidence — observable actions in the
testing process, allowing to draw reasonable conclusions about the respondents.
The result of the work is a theoretical framework for assessing critical thinking in
an online environment for university students and its operationalization through
the relevant observed behavior of the target audience, which allows obtaining va-
lid data on the severity of critical thinking. This is the first step to create an ins-
trument in Russian with a confirmed psychometric quality. The key feature of the
tool is that the student does not work in a simulated environment where infor-
mation sources are selected by developers, but in an open online environment,
therefore, he can use any available materials to solve the task.
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Critical thinking is one of the competencies that belong to the key
skills of the XXI century [Griffin, Care, 2014]. Its significance is parti-
cularly evident when it comes to problem-solving in online environ-
ments. In order to work productively amidst the colossal amounts
of information available on the Internet, the overlapping flows of
data from diverse sources, and the ease of searching combined with
the absence of systematic work with primary sources, it is necessa-
ry to possess skills in information analysis, making valid judgments,
and establishing cause-and-effect relationships. At the same time,
a person should be able to judge the reliability of information, as
distorted or false information, including fake news, can cause irri-
tation or even mislead a small community or the population of an
entire country [Beer de, Matthee, 2021; Khan, 2020; Probierz, Ste-
fanski, Kozak, 2021]. The education system faces the task of forming
and evaluating critical thinking.

This study is devoted to the assessment of critical thinking
among university students. The team led by I. Uglanova has been
conducting similar research in the field of school education in re-
cent years [Uglanova, Brun, Vasin, 2018; Uglanova, Orel, Brun, 2020;
Uglanova, Pogozhina, 2021].

At the level of higher education, critical thinking is one of the
universal competencies listed in the Federal State Educational Stan-
dard for Higher Education (FGOS VO)'. Universal competencies in a
bachelor’s degree program is a list of ten competencies that should
be developed in all students at this stage of education, regardless
of their specialization. Systemic and critical thinking (UC-1) is de-
fined in this list as the ability to “search, critically analyze, and syn-
thesize information, apply a systematic approach to problem-solv-
ing"”2. Thus, the education system undertakes to develop critical
thinking, and therefore, requires independent assessment tools to
confirm the declared result.

Today, the development of critical thinking has become one of
the main requests of employers to employees, including university
graduates [Stepashkina, Sukhodolin, Guzhelya, 2022]. A study of job
requirements collected in the O*Net system? showed that critical

" Ministry of Education and Science of the Russian Federation (2018) FGOS VO —
Bachelor’s degree: https://fgosvo.ru/fgosvo/index/24/28

2 Critical and systemic thinking are not synonymous, however, for some reason,
the compilers of the Federal State Educational Standard have combined them
into a single competence.

3 An open database that stores job descriptions and requirements for candi-
dates: https://www.onetonline.org/
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thinking, along with communication skills, is highly valued by em-
ployers in a variety of fields [Carnevale, Smith, 2013]. Critical think-
ing (or its analogues) is included in all universal competency models
developed by leading consulting companies. Based on these mod-
els, organizations make personnel decisions — on hiring, career ad-
vancement, and providing feedback to employees. The models use
different names for competencies that are similar in content, which
can be attributed to critical thinking. Thus, in R. Boyatzis’ model
[2008], this competence appears under the names “logical thinking”
and “conceptualization”. Logical thinking is defined as a mental pro-
cess in which a person places an event in a causal sequence based
on the perception of a series of cause-and-effect relationships. Con-
ceptualization is the process of thinking in which a person identifies
or recognizes patterns in information. In L. Spencer and S. Spen-
cer's model, the cluster of key thinking competencies includes an-
alytical and conceptual thinking. Analytical thinking involves a sys-
tematic organization of parts of a problem or situation, conducting
systematic comparisons of properties or characteristics, rational pri-
oritization, determination of temporal sequence, and causal rela-
tionships. Conceptual thinking involves understanding a situation
or problem by combining parts, and looking at the picture of events
as a whole [Spencer, Spencer, 2005]. Similar competencies in con-
tent are present in other contemporary models such as “Twenty
facets” (systematic thinking) [Simonenko, 2012]), WAVE (“explores
options for solutions”) [Kurz, 2009], Great-8 (analytical and inter-
pretative abilities) [Bartram, 2005], and others. A substantive anal-
ysis of the mentioned competencies shows that they are all quite
similar in content, focused on working with information, analysis,
search for cause-and-effect relationships, and assume the ability
to analyze, select, compare, interpret, and make judgments®. Thus,
the content of the competencies included in the universal models
that are used for personnel decision-making in business organiza-
tions indicates that critical thinking and related competencies are
one of the most important criteria for making personnel decisions
in the business environment.

Numerous diagnostic tools have been developed to assess criti-
cal thinking among university students and adult populations. How-
ever, the majority of these tools are English-language based and
require high costs for adaptation and testing. There is a dearth of
Russian-language assessment tools for critical thinking, and infor-
mation regarding their quality and psychometric properties is large-
ly absent [Koreshnikova, Frumin, Pashchenko, 2020].

4 Gorbunova A.V. (2012) Issledovanie klyuchevyh kompetencij menedzherov
vysshego i srednego zvena v Rossii [Research of key competencies of senior
and middle managers in Russial (Unpublished Master’s thesis). Institute of
Education of the Higher School of Economics, Moscow, Russia.
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The purpose of this paper is to present a theoretical framework
for assessing critical thinking in an online environment among uni-
versity students as the first step towards creating a Russian-lan-
guage tool with confirmed psychometric quality.

The research on critical thinking is based on a long philosophical
tradition of cognition study. In this paradigm, the main qualities of a
critically thinking person in this paradigm are reasoned judgments,
purposeful thinking processes, reflection by the subject, and adhe-
rence to the rules of formal logic (for example, [Paul, Elder, 2011]).
Most researchers working within the philosophical tradition agree
that the presence of critical thinking can be judged by a person’s
ability to make a rational, conscious decision about what to do or
what to believe [Ennis, 1993; Hitchcock, 2020; Norris, 1985].

R. Ennis defines critical thinking as grounded reflexive thinking
aimed at determining what to believe and what not to believe [En-
nis, 1993]. He identifies 10 mental operations as its components,
including the assessment of the reliability of sources, the identifi-
cation of various types of statements, and the skill to ask clarify-
ing questions. Similarly, P. Facione, together with a pool of experts,
developed the definition of critical thinking for use in regulato-
ry documents and assessment of students’ progress in university
education. He defines critical thinking as “interpretation, analysis,
evaluation, and inference, as well as explanations of the evidential,
conceptual, methodological, criteriological or contextual consider-
ations that judgment is based upon” [Facione, 1990]. According to
P. Facione, the components of critical thinking include categoriza-
tion of the types of utterance, evaluation, inference, explanation,
and so on, totaling 6 mental operations.

In recent years, within the framework of the philosophical ap-
proach, there has been a growing popularity of generalizing con-
cepts aimed at identifying the components of critical thinking that
are common to different authors and attempting to create a con-
sensus framework. One example of such an approach is the list of
components of critical thinking proposed by E. Lai [Lai, 2011]. She
identifies four components that are common to different descrip-
tions of this construct: 1) analysis of arguments, statements, and
evidence; 2) the ability to draw a conclusion using induction or de-
duction; 3) evaluation and judgment; 4) decision-making or prob-
lem-solving.

The model proposed by L. Liu and her colleagues [Liu, Frankel,
Roohr, 2014] belongs to the same generalizing type of definitions
of critical thinking. The essential difference between this model
and other generalizing concepts is that it is based not only on the-
oretical concepts, but also on empirical results. This model identi-
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fies three components of critical thinking: an analytical component
(assessment of source reliability, argument relevance, search for
alternative opinions and viewpoints), a synthetic component (log-
ical inference, assessment of consequences, construction of one's
own argument structure), and a general component (construction
of cause-and-effect relationships and assessment of alternative
explanations). This model formed the basis of the HEIghten Critical
Thinking Assessment test, which is used to assess the critical think-
ing of university students.

1.2. Critical  About 100 years ago, the first attempts to comprehend the place
Thinking  and role of critical thinking in education research and practice were
in Education  made. The American philosopher and educator D. Dewey belie-
Research ved that reflexive thinking (now understood as critical thinking)
and Practice  should become the basis of learning [Kennedy, Fisher, Ennis, 1991].
D. Dewey defined reflexive thinking as “active, persistent, and care-
ful consideration of any belief or supposed form of knowledge in
the light of the grounds that support it, and the further conclusions

to which it tends” [Dewey, 1909].

Dewey'’s ideas formed the basis for the development of taxon-
omies for educational objectives that include critical thinking and
its various components. In particular, B. Bloom's taxonomy identi-
fies six levels of educational objectives that vary in depth of master-
ing the material: knowledge, comprehension, application, analysis,
synthesis, and evaluation [Seaman, 2011]. The last three levels are
components of critical thinking. The analysis allows not only to ap-
ply specific knowledge, but also to identify patterns or algorithms
suitable for problem-solving. Synthesis is a logical operation under-
lying the conclusion, it helps to construct a system that generalizes
and explains various facts. Evaluation allows judgments to be made
about the significance and value of ideas, methods, or phenomena.

In Russian pedagogy, the problems of the development of think-
ing at school were discussed, in particular, by P.P. Blonsky [Blon-
sky, 1935]. He considered that it was necessary to develop a stu-
dent’s critical attitude by the end of the “central part” of the school
curriculum. A child acquires critical thinking when he has the op-
portunity to observe a teacher’s reactions to rumors spread or un-
verified statements made by a student. A teacher can contribute
to the development of a child’s critical thinking by teaching him to
observe, not to rush to conclusions, to be critical even of his own
thoughts, to collect as many facts as possible confirming or refut-
ing the information received, as well as by explaining the basics of
causal analysis. According to Blonsky, the full development of crit-
ical thinking can be achieved by the end of school. This conclusion
is consistent with the concept of J. Piaget's theory of cognitive de-
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velopment [2008], according to which the transition to the stage of
formal operations, representing the most complete development
of thinking, begins no earlier than 12 years of age for the most ad-
vanced children [Jackson, 1965; Lovell, 1961].

D.B. Elkonin [1971] noted that by the end of primary school educa-
tion, a verbal-logical type of thinking is formed, as well as a theoret-
ical one — if structural units of theoretical generalization according
to V.V. Davydov [1996] were used in teaching. These types of thinking
precede the formation of critical thinking and serve as its foundation.

The psychological tradition of the study of critical thinking, as op-
posed to the philosophical and educational traditions, focuses on
the study of the cognitive processes and the behavior of a critical-
ly thinking subject in real-life situations, rather than in ideal condi-
tions [Lai, 2011; Sternberg, 1986]. The definitions of critical thinking
proposed by cognitive psychologists are based on observable be-
havior as evidence of critical thinking. Environmental factors and
personal characteristics of the thinking subject are also taken into
account. The observable evidence and manifestations of critical
thinking may not fully cover the entire construct of critical thinking,
and may only represent a part of it.

One of the most well-known psychological operationalization of
critical thinking was proposed by R. Sternberg. He provides the fol-
lowing definition: “critical thinking comprises the mental processes,
strategies and representations people use to solve problems, make
decisions and learn new concepts” [Sternberg, 1986]. R. Sternberg
identifies the following components of critical thinking:

* the metacomponent — high-order processes related to plan-
ning what needs to be done, monitoring progress, and evalua-
ting what has been done;

+ the component of cognitive operation — processes that “serve”
the instructions received from the metacomponent, such as in-
duction, deduction, spatial visualization, and others;

+ the component of knowledge — processes used for understan-
ding new concepts and procedures.

A significant aspect of defining critical thinking is the state-
ment made by E.V. Ilyenkov, who noted that “thinking <...> is noth-
ing but the ability (skill) to deal intelligently with each subject, i.e.
in accordance with its own nature” [Ilyenkov, 2002. P. 86]. Based on
the works of E.V. Ilyenkov [1974; 1979], V.V. Davydov developed the
content of the concept of “dialectical thinking”, which is close to the
construct discussed in the paper. According to Davydov, dialectical
thinking is a type of thinking that analyzes the development of the
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whole on the basis of internal contradiction. To initiate a thought
process in each specific case, it is necessary to identify the initial
key relation (contradiction) that generates the diversity of content
as it unfolds [Davydov, 1972].

In Russian psychology, there are several concepts similar to
“critical thinking”, but not identical to it. One of these concepts is
the criticality of thinking.

Criticality is one of the properties of normal mental activity,
the ability to realize one’s mistakes, the ability to evaluate one's
thoughts, weigh the arguments “for” and “against”, and subject
one's hypotheses to thorough testing [Rubinstein, 2002; Teplov,
1946]. According to B.V. Zeigarnik [1986], criticality consists of the
ability to act thoughtfully, to verify and correct one's actions in ac-
cordance with the conditions of reality. Impairments in critical think-
ing are a hallmark of a mental disorder that manifest in the loss of
control over intellectual processes, therefore they have been main-
ly studied experimentally in clinical psychology.

From the given definitions of critical thinking, it is evident that
this concept as understood by B.M. Teplov, L.S. Rubinstein, and
B.V. Zeigarnik is similar to our understanding of critical thinking.
Criticality is characterized by a focus on the subject of one’s own
mental activity. L.S. Rubinstein wrote that “the ability to realize one's
mistake is a privilege of thought as a conscious process”; “criticality
is an essential feature of a mature mind. An uncritical, naive mind
easily accepts any coincidence as an explanation, and the first solu-
tion that comes to mind as final. The critical mind carefully weighs
all the arguments “for” and “against” its hypotheses and subjects
them to thorough testing” [Rubinstein, 2002]. Thus, in psychological
as well as in philosophical theories of thinking, both cognitive and
regulatory aspects of the thought process are taken into account.

Most standardized methods for assessing critical thinking are
based on a philosophical approach, including California Critical
Thinking Skills Test (CCTST), Cornell Critical Thinking Test (CCTT), En-
nis-Weir Critical Thinking Essay Test (EWCTET), HEIghten Critical Think-
ing Assessment. Philosophers engaged in the study of critical think-
ing examine it from the perspective of ideal properties, which allows
for a clear theoretical structure of the studied construct. For this
reason, the developers of assessment tools predominantly rely on
this tradition of critical thinking research. In the educational tradi-
tion, the greatest attention is paid to developing critical thinking,
but the theoretical framework of the construct remains less devel-
oped. Definitions of critical thinking within the framework of the
psychological approach are distinguished by deep theoretical elab-
oration and orientation to the description and explanation of the
deep processes that determine critical thinking, but are less orient-
ed towards creating mass assessment tools.
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With the growing demand for critical thinking skills in modern so-
ciety, the number of measurement tools is also increasing. In this
regard, let us consider the tools created for university and colle-
ge students, with the confirmed validity and reliability of the ob-
tained results.

One of the first standardized tests of critical thinking, widely
used until now, is the Watson-Glaser Critical Thinking Appraisal tool
(WGCTA) [Watson, Glaser, 1980]. It is based on the concept of criti-
cal thinking as the ability to identify and analyze problems, as well
as to search for and evaluate the necessary information in order
to come to the desired conclusion. The first version of the test ap-
peared in 1960, and later it was repeatedly changed and modified.
In 2011, a computer adaptive version of the test was developed.
The researchers note the high discriminative power of the tasks,
a large task bank, a high level of reliability of complete test forms,
and a significant level of predictive validity. Nevertheless, the test
is not without its drawbacks, including low design validity associat-
ed with deficiencies in task instructions [Possin, 2014], and insuffi-
cient internal consistency of some subscales [Bernard et al., 2008].

R. Ennis, a well-known researcher of critical thinking within the
philosophical approach, played a crucial role at the inception of the
Cornell Critical Thinking Test (CCTT) [Ennis, Millman, Tomko, 2005]
and the Ennis-Weir Critical Thinking Essay Test (EWCTET) [Ennis, Weir,
1985]. The reliability coefficients of the Cornell test range from 0.67
to 0.90. The Ennis-Weir test essay consists of 9 open-ended ques-
tions and focuses on assessing general argumentation skills. Un-
like multiple-choice tests, it allows students to justify their answers.
The CCTT is based on the conception of critical thinking as a reflex-
ive and rational inference focused on what to believe or what to do
[Ennis, 1993], while the authors of the EWCTET emphasize the cre-
ative aspect of critical thinking, taking into account Ennis'’s develop-
ments and defining the construct as a person’s ability to evaluate
an argument and formulate a written response. The main disad-
vantage of the essay test is the need to involve experts to evaluate
open-ended responses.

The California Critical Thinking Skills Test (CCTST) is based on the
works of another representative of the philosophical tradition in
the study of critical thinking — P. Facione. According to the con-
ceptualization formulated by a group of 46 national experts, criti-
cal thinking is a purposeful, self-regulating judgment that leads to
interpretation, analysis, evaluation, and inference, as well as ex-
planation of evidential, conceptual, methodological, criteriological,
or contextual considerations upon which the judgment is based
[Facione, 1990]. Studies have confirmed the high reliability of the
CCTST, which ranges from 0.7 to 0.84 depending on the version of
the test [Behar-Horenstein, Niu, 2011], however, the disadvantage of
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the test is the ambiguity of the formulations: depending on their in-
terpretation, there may be several correct answers, which negative-
ly affect the quality of measurement results [Fawkes et al., 2005].

The Council for Aid to Education (CAE) in the USA has developed
the Collegiate Learning Assessment (CLA) tool, as well as its improved
version CLA+ [Alaisi, Callaghan, 2018] for assessing critical thinking
in an activity-based format. The tool can also be used for both in-
dividual assessment in order to provide students with feedback on
their level of development in critical thinking and written commu-
nication skills, and to assess the effectiveness of the faculty/univer-
sity curricula for accreditation and for reporting. At the same time,
researchers note insufficient reliability of the test: at the individu-
al level, it is unsuitable for drawing conclusions about changes in
students'’ critical thinking levels [Ibid.], and at the institutional level,
it cannot be used for high-stakes decision-making [Steedle, 2012].

The Educational Testing Service (ETS) has recently developed the
HEIghten Critical Thinking Assessment, a computer-based test de-
signed for university students. The authors consider critical think-
ing as a complex construct that cannot be measured holistically, but
rather by evaluating its main components — analysis and synthesis
of information. The test is designed to determine the level of forma-
tion of critical thinking among students, to identify strengths and
weaknesses of educational programs and opportunities for their
improvement [Liu, Frankel, Roohr, 2014].

The international iPAL project [Zlatkin-Troitschanskaia et al.,
2018] is aimed at developing a new generation of assessment tools
for higher education and professional activity, including those de-
signed to measure critical thinking. The iPAL uses the experience
gained in the development of the CLA and the developments of an-
other international project for assessing the quality of higher edu-
cation — AHELO [Tremblay, 2013]. Within the framework of the iPAL
project, based on a holistic approach and ECD (Evidence-Centered
Design) methodology [Mislevy, Almond, Lukas, 2003], tools are be-
ing developed using scenario-based tasks (all scenarios are creat-
ed with the possibility of cross-cultural comparisons), modeling re-
al-life situations.

Despite the use of innovative methodologies in the develop-
ment of assessment tools, the quality of the created scenarios de-
pends on the skill of the task developers and on the evaluation pro-
cedure itself. The creators of these methodologies have realized
that an open Internet environment is necessary to demonstrate the
formed critical thinking skills. The next step in the development of
the iPAL project was the Critical Online Reasoning Assessment (CORA)
tool [Nagel et al., 2020]. The respondent receives a question with an
ambiguous or controversial social context, in order to answer, he
needs to find information on the topic in an open online environ-
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ment, formulate and justify his point of view on this issue, support-
ing it with links to the sources found. The main difference of this
tool is that student works in an open online environment and can
use any available materials to solve the task, instead of a simulated
environment where information sources are selected by develop-
ers. In addition to the respondent’s answers to the questions posed,
the process of searching for the answer is analyzed, including be-
havior strategy in the online environment, site selection as sourc-
es of information, data on search queries, site addresses, and time
spent on them. Such tasks are maximally close to both life-based
and educational real practice of students, however, they pose seri-
ous psychometric and technical challenges to developers related to
data collection, storage, and processing. Moreover, the use of such
assessment tools is difficult due to the need to involve experts in
task checking, which inevitably slows down the assessment process.

Table 1 presents a systematized overview of the described crit-
ical thinking assessment tools.

Table 1. Measurement Tools for Critical Thinking

Title of the Components of Critical Thinking : Target Audience Format Tasks Time
Measurement : Included in Operational Frame- Dura-
Tool work tion
Watson-Glaser : Logical reasoning, recognition ~: Used in various fields, includ- : Paper-and- 80 (multiple : 60 mi-
Critical Thinking | of assumptions, level of deduc- i ing measuring critical think-  : pencil form/  choice) inutes
Appraisal tool  : tion, interpretation and evalua- :ing in business environments : comput-
(WGCTA) tion of arguments for different target audienc- : er-based form
i es, such as higher education
“institutions (for student eval-
uation and career guidance),
private and public organiza-
tions (for candidate selection,
: employee assessment, and
: redicting job performance) :
California Crit- : Interpretation, analysis, assess- : College students. Current- i Paper-and- i34 (multiple | 45 mi-
ical Thinking ~ : ment, inference, deductive rea- it is also used to evaluate  : pencil form/ : choice) : nutes
Skills Test soning and inductive reasoning ndergraduate students and comput- :
(ccTsm : ifted high school students ~ : er-based form :
Cornell Critical { Form X: Analysis, Deduction, Re- : Form X is intended for sec-  :Paper-and-  iFormX: 50 mi-
Thinking Test  : liability (Trustworthiness), and ndary and high school stu-  pencil form/ {71 (multiple | nutes
((Can)]  Identification of Assumptions. ents. “comput-  choice). :
- Form Z: Induction, Deduction, ~  Form Z is designed for ad- er-based form :
i Reliability (Trustworthiness), i vanced high school students, : {Form Z: :
: Identification of Assumptions,  : college and university stu- 52 (multiple :
i Semantics, Definition, and Pre- i dents, and adult target au- i choice) ;
diction for Experiment Planning. | dience {
Ennis-Weir Crit- { Formulating one’s own perspec- : Students i Essay {9 open-en- 40 mi-
ical Thinking  : tive, identifying causes and as- : :ded ques- : nutes
Essay Test sumptions, stating one’s own tions '
(EWCTET) i viewpoint, providing substantial : ;
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Title of the Components of Critical Thinking : Target Audience Format Tasks Time
Measurement : Included in Operational Frame- Dura-
Tool work tion
reasons, identifying other pos-

: sibilities, and responding ade-

: quately to shortcomings : :
HEIghten Criti- : The analytical component of crit- : Students in different forms ~  Compu- £ 45 mi-
cal Thinking As- : ical thinking involves assessing : of education, including tra-  : ter-based i nutes
sessment §the reliability of sources, rele- ditional, blended, and online §form :

i vance of arguments, and search- : learning :

“ing for alternative opinions and

i perspectives. ;

: The synthetic component in- “to answer

: volves logical inference, assess- : i questions :

“ment of consequences, con- “and identify

: structing one’s own argument : arguments

“structure, and so on. : “in favor of

i The general component involves : i or against

“establishing cause-and-effect re- | ‘ certain po-

i lationships and evaluation of al- : tion

ternative explanations : :
Critical On- Skills of critical selection and Students Compu- 5 open-en- 60 mi-
line Reason-  : evaluation of online sources and : i ter-based ‘ded ques-  nutes
ing Assessment ﬁinformation, as well as their use ﬁform “tions :
(CORA) i for making and justifying fact- ‘

“based decisions : : :
Collegiate Lear- : Reasoning, evaluation, and criti- : Students : Compu- : Open-ended : 90 mi-
ning Assess- cal analysis of arguments ter-based questions i nutes
ment+ (CLA+) form +multiple

choice

Halpern Crit- Reasoning, analysis of argu- Students Compu- Open-ended : 60 mi-
ical Thinking i ments, hypothesis testing, use i ter-based i questions i nutes
Assessment of probability and uncertain- form +multiple
(HCTA) ty concepts, and decision-mak- choice

“ing skills

Such a diversity of tools may raise the question of why new tests
should be developed when existing ones can be adapted. Most as-
sessment tools do not provide an opportunity to qualitatively assess
critical thinking primarily due to the selected task format: multiple
choice tasks do not allow for testing complex skills that are com-
ponents of critical thinking and are likely to reflect irrelevant con-
structs [Liu, Frankel, Roohr, 2014]. Furthermore, none of the list-
ed tools are open, unlike, for example, many psychological scales
that are fully published in scientific journals. In these conditions,
the time and financial costs of adapting an existing tool — transla-
tion, matching the theoretical framework and tasks to the cultural
context, testing (if necessary, not just once), ensuring the psycho-
metric quality of the tool meets the standard requirements — are
practically the same as the costs of developing a new tool [Amer-
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Tool

ican Educational Research Association, 2018; Baturin et al., 2015].
Moreover, the possibilities for using an adapted test are often lim-
ited by copyright holders. The methods of remuneration for using
the test may vary, but quite often the scheme of “payment for one
testing” or “payment for one report™ is applied, and in this case,
using adapted tools in mass monitoring studies or testing students
for their portfolio becomes very expensive. Additionally, in order to
fulfill the requirement of equivalence of versions, copyright holders
usually severely restrict the possibilities for improving the adapted
tool, so the identified shortcomings are retained in all versions of
the test. Thus, the adaptation of existing tools is no less expensive
than the development of new ones, but at the same time signifi-
cantly limits the possibilities for using a ready-made test.

The literature analysis reveals that critical thinking is a complex
and multidimensional latent construct. Similar elements of critical
thinking are distinguished in foreign and domestic traditions, even
if different terms are used to describe them.

Creating a measurement tool and operationalizing this con-
struct requires combining philosophical and psychological ap-
proaches, since critical thinking should be evaluated through the
relevant observable behavior of the participant, and such an assess-
ment involves more than just listing the types and ways of behav-
ior characteristic of a critically thinking person. Performance tasks,
in which the respondent should perform certain actions, are consid-
ered as more suitable for assessing critical thinking than traditional
multiple-choice tasks, since performance tasks present a problem in
a specific context and assume answers similar to those required in
a person’s professional activity and everyday life [Braun, Kirsch, Ya-
mamoto, 2011; Messick, 1994]. Performance tasks types describe con-
tinuous actions that unfold over time, just as they occur in real life,
rather than isolated components of those actions [Braun, Kirsch, Ya-
mamoto, 2011; Lane, Stone, 2006; Zlatkin-Troitschanskaia, Shavel-
son, 2019]. Additionally, an open online environment is recommend-
ed for the study of critical thinking, where the respondent is not
limited by simulation resources and task developer skill.

Based on a holistic approach and the Evidence-Centered Design
(ECD) methodology [Mislevy, Aimond, Lukas, 2003], the authors are
developing a tool to measure critical thinking in an online environ-
ment using performance tasks. Critical thinking is considered as the
ability of a university student to analyze statements, assumptions,

® An example of such pricing can be found on the website of the “Humanitari-
an Technologies” laboratory — one of the leading commercial companies in
Russia engaged in the development of tests for business purposes: https://
ht-lab.ru/news/5805/
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and arguments, build causal relationships, select logical and per-
suasive arguments, find explanations, draw conclusions, and form
their own position when solving tasks in an online environment, in-
cluding in an open digital environment (with access to the Internet
and subsequent collection of log data and event logging). The test
content is not related to the training direction — all students receive
the same set of tasks that are not dependent on their educational
program. One of the tasks facing the developers is to link the level
of students’ critical thinking with how they work with the informa-
tion sources viewed during the completion of tasks, as well as their
current sociocultural and technological learning environment. Sub-
sequently, integration into the research of additional parameters,
including students’ attitudes and beliefs, and the level of their gen-
eral intellectual development, is possible.

In creating the conceptual framework, we relied on both philo-
sophical and psychological approaches. Within the construct of “crit-
ical thinking in an online environment”, the components were iden-
tified that made it possible to present an integrative assessment
model in which critical thinking skills, studied within the framework
of a philosophical approach [Liu, Frankel, Roohr, 20141, with critical
online reasoning skills. Drawing on the results of psychological re-
search on critical thinking, the model presents the observable be-
havior of the target group as evidence of critical thinking, as well
as environmental factors and age characteristics of the target au-
dience. The construct model is presented in Table 2.

Table 2. Theoretical Framework of the Measurement Tool for Critical Thinking in the Online

Environment

Component of Critical Thinking

Evidence

Observable Behavior

Product of Activity

Analysis: The respondent evalu-
ates and analyzes the evidence
and arguments, as well as the
context of their application.

The analysis allows for the iden-
tification of the relationship be-
tween information elements and
the assessment of their quali-
ty, such as determining the re-
liability of facts, identifying the

guments, and evaluating their
relevance to the given task

Evaluation
: of evidence

strengths and weaknesses of ar-

Categorizes arguments into dif-
i ferent contexts

i Evaluates the relevance of infor-
i mation

i Evaluates the competence of in-
i formation sources

i Evaluates the authority of infor-
i mation sources

: Identifies cognitive biases in the
i presented evidence

i Evaluates the relevance of infor-
i mation for the conclusion

 Evaluates the accuracy of infor-
: mation

Distributes arguments to the ap-
{ propriate contexts
Evaluates information from the

i source(s) in terms of its degree
i of relevance

i Evaluates the sources based

i on their degree of competence

i Evaluates the sources based

i on their degree of authority

i Selects all relevant biases from

i the provided list

Evaluates the presented informa-
i tion in terms of its degree of rel-
i evance

{ Evaluates information from

i the source(s) in terms of its degree
i of accuracy
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 of arguments

ument (persuasiveness/lack of
ersuasiveness of the argument
rom the perspective of its struc-
ure and interrelationships be-
ween parts of the argument)

dentifies different categories
f information in the text

Determines insufficiency of infor-
i mation in the argumentation

Synthesis: the respondent makes
logically correct and true conclu-
sions and considers their conse-
quences.

Synthesis includes formulating

conclusions and understanding
their consequences.

Based on the presented informa-
tion for argumentation, the re-

spondent reaches a clear judg-
“ment (“for” or “against”)

fDeveloping
a conclusion
Develops true conclusions
Identifies alternative conclusions :
etermines the consequences
: f the conclusion made in differ-
fUnderstan- i

i ding the conse

Establishing cause-and-effect re-
lationships

i quences : Identifies limitations of the con-
i valuates cause-and-effect rela-
{ Establishes onships

 cause-and-ef-
 fect relation-
i ships

rovides explanations

Component of Critical Thinking ~ : Evidence “ Observable Behavior “ Product of Activity
 Accurately identifies explicit prem-
iises and hidden assumptions
Analyzes the structure of an ar-
gument
ies conclusions in the text
Identifies intermediate steps
in the argumentation
- Analysis and valuates the structure of an ar- ntation
: evaluation

¢ Evaluates the logical correctness
i of the argument

: Points out structural shortcomings
i that may be present in invalid ar-
i guments

i Determines information that can
i be used as an argument

Draws a conclusion about the suf-
ficiency of information in the argu-

Makes inferences without commit-
ting logical fallacies
Writes or collects valid conclusions

from the premises that support
i a certain position

i Identifies alternative valid/true
i conclusions

i Determines the context in which
i a conclusion ceases to be true

i Determines the consequences
i of the conclusion in different con-

i Modifies the premises such that
i the conclusion ceases to be valid

i Modifies the premises such that
i the conclusion ceases to be true

Forms the judgment about the ac-
i curacy of the cause-and-effect
i chain or relationship

i Explains the presented facts, an-

i swering the questions “why?” (de-
termining causes) and “what for?”
i (determining effects)
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The ECD methodology [Oliveri, Mislevy, 2019] allows us to move
from a general construct to variables upon which the test tasks are
based. ECD provides a solid foundation for assessment, allowing us
to gather as much evidence as possible that the conclusion drawn
about the respondent’s level of proficiency in the evaluated con-
struct based on observations and analysis of their activity during
task completion reflect reality. This approach is most relevant for
measuring complex constructs, since it does not require one-dimen-
sional measurement and allows us to model the relationships that
reflect their complex nature. Following the ECD methodology, in or-
der to create a model of critical thinking in a digital environment,
evidence of the manifestation of the construct is described, the rel-
evant observable respondent behavior in task-solving, and activity
products — a result of actions during testing process that can be
recorded in order to form an understanding of the level of critical
thinking. Further, the task forms are proposed in which these ac-
tivity products can be recorded in both closed and open digital en-
vironments (Table 3).

Table 3. Proposed Forms of Tasks

Task Form Description

Selecting text frag- Task requires the respondent to select elements of the text in accordance
ments i with the instructions

Statement Selection From a group of statements, the respondent selects those that together
i or separately fulfill the given role

Short Constructed %The respondent must answer a question presented in text, graphic,
Response i or other form in his own words

Essay Based on provided materials, the respondent writes an essay on a giv-
i en topic in which he evaluates the arguments presented in support of
i specific conclusions or creates his own argument in support of a partic-

 ular position
Multiple Choice with : The respondent selects one or several answer options from a provided
One or Several Cor- : list. He may be required to select a certain number of answers or select
rect Options all that he finds suitable. The number of proposed options may vary
Text Editing i The changes made by the respondent to the provided product are evalu-
ated. An example is editing the text with consideration for a changed au-
dience
Classification Distribution of text fragments into categories
Comparison Grouping the elements according to specific characteristics or principles

4. Conclusion  One of the important challenges in measuring critical thinking (and
other complex latent constructs) is the need to constantly update
the context and bring the tools closer to real life. The use of a cur-
rent online context for learning and assessment poses new challen-
ges for the researcher, both in data collection and processing: it is
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necessary to simultaneously process and then store large amounts
of data — not only students’ responses, but also the collateral infor-
mation collected during testing, including data on students' beha-
vior in the online environment. Implementation of the ECD metho-
dology requires the use of complex mathematical models — only
with their help it is possible to demonstrate how the recorded be-
havior of students during testing is collected as evidence of criti-
cal thinking.

The measurement of critical thinking in higher education faces
not only methodological and technical problems, but also difficul-
ties in administering the research and utilizing the results. Firstly,
student motivation poses a challenge as critical thinking, although
expected as a learning outcome, is not a separate subject and there-
fore does not require a separate evaluation. In this case, the moti-
vation to take the test is significantly reduced, which inevitably af-
fects the results. The second difficulty, directly related to the first,
is the integration of the evaluation procedure into the educational
process: what should be its status within the curriculum? Despite
some positive examples, a definitive solution that satisfies all par-
ties involved in the educational process has not yet been found.

However, despite these challenges, the methodology present-
ed in the paper allows for the creation of a modern tool for mea-
suring critical thinking that is suitable for monitoring evaluation.
Within the developed conceptual framework, each component of
the “critical thinking in an online environment” construct has a wide
range of behavioral manifestations and potential activity outcomes
(i.e., the results of student actions when performing critical think-
ing tasks). This approach enables the creation of various task sce-
narios that are closely aligned with the respondent’s real-life expe-
riences, thereby increasing their motivation to complete the tasks
and potentially improving the collection of reliable and valid diag-
nostic information.
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